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(54) Title: POROUS, ELECTRICALLY CONDUCTIVE SHEET AND METHOD FOR PRODUCTION THEREOF 
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(57) Abstract: A porous, electrically conductive sheet, which (a) comprises a sheet formed with a number of carbon fibers having 
an organic substance adhered thereto, (b) has an electrical resistance in the direction of thickness of 50 m Q cm 2 or less, (c) has a 
maximum diameter for causing fracture of 25 mm or less, and (d) has a compression ratio (the ratio of a thickness of a compressed 
sheet to mat of an original sheet) of 40 % or less. The porous, electrically conductive sheet can be produced by a method comprising 
(a) a sheet-forming step of scooping a number of carbon fibers being dispersed in a liquid up onto a net to thereby form a carbon 
fiber sheet, (b) an organic substance adhesion step of rendering an organic substance to adhere to the formed carbon fiber sheet as a 
binder for carbon fibers, (c) a drying step of drying the sheet having the organic substance adhered thereto, and (d) a pressing step 
of pressing the dried sheet with a face pressure of 0.49 to 9.8 Mpa and/or of subjecting the sheet to a roll pressing with a clearance 
of 300 JU ?m or less. 
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* * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (a) The porosity conductive liner sheet whose compressibility of (d) this sheet it 
consists of a sheet formed in the carbon fiber of the a large number book which adhered to the 
organic substance, the electric resistance value of the thickness direction of (b) this sheet is 
two or less 50m ohm-cm, the maximum breaking radius of (c) this sheet is 25mm or less, and is 
40% or less. 

[Claim 2] A porosity conductive liner sheet given in the 1st term of a claim whose pressure loss 
of said sheet is 20 or less mmAqs. 

[Claim 3] A porosity conductive liner sheet given in the 2nd term of a claim whose surface 
roughness of said sheet is 30 micrometers or less. 

[Claim 4] A porosity conductive liner sheet given in the 3rd term of a claim whose tensile 
strength of said sheet is more than 0.49N/10mm width of face. 

[Claim 5] A porosity conductive liner sheet given in the 4th term of a claim whose consistencies 
the thickness of said sheet is 0.13 thru/or 0.7mm, and are 0.05 thru/or 0.6 g/cm3. 
[Claim 6] A porosity conductive liner sheet given in either the claim 1st to which the carbon 
fiber of the a large number book which forms said sheet is making the gestalt of a nonwoven 
fabric thru/or the 5th term. 

[Claim 7] A porosity conductive liner sheet given in either the claim 1st said whose organic 
substance is the organic substance containing thermosetting resin thru/or the 5th term. 
[Claim 8] A porosity conductive liner sheet given in the 6th term of a claim said whose organic 
substance is the organic substance containing thermosetting resin. 

[Claim 9] A porosity conductive liner sheet given in either the claim 1st said whose sheet is a 
sheet containing a carbon particle thru/or the 5th term. 

[Claim 10] A porosity conductive liner sheet given in the 6th term of a claim said whose sheet is 
a sheet containing a carbon particle. 

[Claim 1 1] A porosity conductive liner sheet given in either the claim 1st said whose sheet is a 
sheet containing water-repellent polymeric materials thru/or the 5th term. 

[Claim 12] A porosity conductive liner sheet given in the 6th term of a claim said whose sheet is 
a sheet containing water-repellent polymeric materials. 

[Claim 13] (a) The sheet forming cycle which forms a carbon fiber sheet by milling the carbon 
fiber of the a large number book currently distributed in a liquid to a screen oversize, (b) The 
organic substance adhesion process of adhering to the milled carbon fiber sheet considering the 
organic substance as a binder of this carbon fiber, (c) The manufacture approach of the porosity 
conductive liner sheet which consists of the desiccation process which dries the sheet to which 
the organic substance adhered, a pressurization process which pressurizes the sheet which 
carried out (d) desiccation by the planar pressure of 0.49 thru/or 9.8MPa(s), and/or a 
pressurization process which carries out a roll press by path clearance 300 micrometers or less. 
[Claim 14] The manufacture approach of a porosity conductive liner sheet given in the 13th term 
of a claim said whose organic substance is the organic substance containing thermosetting resin. 

[Claim 15] The manufacture approach of a porosity conductive liner sheet given in the claim 
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13th which has the heat treatment process which heat-treats the sheet pressurized by said 
pressurization process at the temperature of 300 degrees C or more, or the 14th term. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Technical field This invention relates to the porosity conductive liner sheet with which the 
permeability and conductivity of the desirable fluid used as a conductive polymer electrolyte fuel 
cell or an electrode substrate of the electrolyzer are demanded, and its manufacture approach. 
Background technique In addition to conductivity, it participates in a reaction, for example, the 
permeability of fluids, such as hydrogen, oxygen, and water, is required of the electrode 
substrate of a fuel cell or the electrolyzer. Moreover, in fabricating the electrode substrate 
concerned, the reinforcement for being equal to fabrication is required of the porosity 
conductive liner sheet used in order to form a base material. 

As a porosity conductive liner sheet which forms such an electrode substrate, the porous carbon 
plate the carbon fiber with short fiber length was made to bind with carbon to JP,6-20710,A, 
JP,7-326362,A, or JP,7-220735.A is proposed. 

However, since such a porous carbon plate makes the aggregate of the staple fiber which 
consists of a carbon fiber or its precursor fiber and is made by sinking in or mixing resin to this 
and calcinating further to it, it has the problem that a manufacturing cost is high. 
Moreover, when the consistency of a porous carbon plate is low, the binding carbon of a porous 
carbon plate tends to break with the welding pressure which acts when the time of manufacture 
of an electrode substrate and an electrode substrate are constructed to equipment, for example, 
a cell, and a porous carbon plate is easily destroyed by bending deformation. Therefore, since the 
porous carbon plate demanded for the manufacture cost reduction of an electrode substrate 
cannot be rolled in the shape of a roll and a production line cannot be supplied, a porous carbon 
plate has the problem that the processing cost in the production process of an electrode 
substrate increases. 

On the other hand, using the paper-like carbon staple fiber aggregate for JP,7-105957,A or 
JP,8-7897,A as an electrode substrate is proposed. Since such an electrode substrate has the 
high electric resistance of the thickness direction, it has the problem that sag is large. 
As an approach of improving the electric resistance of the thickness direction, the approach of 
adding a conductive filler to the nonwoven fabric-like fiber aggregate is shown in WO No. 
9827606 official report. However, when many binders for fixing a filler and a filler are added, the 
permeability of a fluid demanded as an electrode substrate becomes low. For this reason, there 
is a problem that supply of a fuel or oxygen and discharge of the water generated by the 
reaction are not fully performed. Greatly [ deformation ], since compressibility is still higher, in 
case the forming cycle of the electrode substrate which used it, and the fabricated electrode 
substrate are used for the paper-like carbon staple fiber aggregate as a cell, since surface 
roughness is large, electrolyte layers, such as polyelectrolyte film, are penetrated, a short circuit 
tends to take place, and it has the problem which says that tensile strength is still weaker. 
Although there is also an approach using the textiles-like fiber aggregate, since it is that that the 
thickness change by pressurization is large, the clearance between threads, and irregularity are 
large in this case, there is a problem to which implementation of the processing in back 
processes, such as catalyst spreading, becomes difficult. 

It was made in order that this invention might solve many problems in a Prior art mentioned 
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above, and electric resistance is low, the purpose has the high permeability of a fluid, winding up 
of the shape of a roll is possible for it, and offering few porosity conductive liner sheet and its 
manufacture approach has the thickness change by pressurization. 

Indication of invention Porosity conductive liner sheet concerning this invention It consists of a 
sheet formed in the carbon fiber of the a large number book which adhered to (a) organic 
substance. The electric resistance value of the thickness direction of (b) this sheet is two or 
less 50m ohm-cm. The maximum breaking radius of (c) this sheet is 25mm or less. The 
compressibility of (d) this sheet is 40% or less. 

Here, the porosity in a porosity conductive liner sheet means that many openings (hole) which 
enable migration of the matter which results on the surface of another side through the inside of 
a sheet from one front face of a sheet, and which participates in the electrode reaction of 
hydrogen, oxygen, water, etc. exist in a sheet. The consistency of a sheet can express porous 
extent and this consistency is explained later. 

Conductivity means electronic conductivity. Conductivity is acquired when an electron flows 
between carbon fibers. In order to use the porosity conductive liner sheet concerning this 
invention as an electrode substrate, it is important that the conductivity of the sheet thickness 
direction is especially high. In order to make this conductivity high, it is desirable that carbon 
particles, such as carbon black, and a graphite, expanded graphite, are intermingled on the sheet. 

When a sheet is made for there to be along a cylindrical outside and is rolled a part gone half 
round, the radius of the greatest cylinder in case a crack, cracking, etc. arise on a sheet and 
destruction starts is called maximum breaking radius of a sheet. 

The manufacture approach of the porosity conductive liner sheet concerning this invention The 
sheet forming cycle which forms a carbon fiber sheet by milling the carbon fiber of the a large 
number book currently distributed in (a) liquid to a screen oversize, The organic substance 
adhesion process of adhering to the carbon fiber sheet by which (b) paper milling was carried out 
considering the organic substance as a binder of this carbon fiber, Desiccation process which 
dries the sheet to which (c) organic substance adhered It consists of a pressurization process 
which pressurizes the sheet which carried out (d) desiccation by the planar pressure of 0.49 
thru/or 9.8MPa(s), and/or a pressurization process which carries out a roll press by path 
clearance 300 micrometers or less. 

The best gestalt for inventing The mode of desirable operation of this invention is explained. 
As a carbon fiber used for the porosity conductive liner sheet concerning this invention, the 
carbon fiber of a PAN (polyacrylonitrile) system, a pitch system, and a phenol system is 
desirable. Also in these, since a PAN system carbon fiber cannot break easily when a sheet is 
pressurized, it is especially desirable. 

When the size of a carbon fiber is thin, there is an inclination for the permeability of a fluid to 
become low. If the size of a carbon fiber is thick, when applying a catalyst bed on a porosity 
conductive liner sheet, there is an inclination for the penetration to the sheet of coating liquid to 
increase. For this reason, the size of a carbon fiber has 1 thru/or the desirable range of 1 5 
micrometers. They are 3 thru/or the range of 10 micrometers more preferably. 
The organic substance used for the porosity conductive liner sheet concerning this invention has 
a duty for giving water repellence to a porosity conductive liner sheet in order to raise the 
reinforcement of a porosity conductive liner sheet. As the organic substance, a fluororesin, 
polyvinyl alcohol (PVA), polyvinyl acetate (PVAc), a cellulose, acrylic resin, phenol resin, an 
epoxy resin, and polyimide are desirable. 

If the organic substance contained in a porosity conductive liner sheet has not much many the 
amounts, since it will increase electric resistance and the permeability of a fluid will be reduced, 
the organic substance contained in a porosity conductive liner sheet has 35 or less desirable % 
of the weight, and it is 25 or less % of the weight more preferably. 

In order to raise the productive efficiency of the process for manufacturing the product which 
used this, for example, an electrode substrate, as for a porosity conductive liner sheet, it is 
desirable that continuous supply of the sheet to the process concerned is made. As for a sheet, 
being wound in the shape of a roll is desirable in that case. That is, as for a sheet, it is desirable 
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that it is possible for it to be able to wind up in the shape of a roll, without damage occurring. 
This means that a sheet cannot break easily due to bending deformation. 

It is back processes, such as catalyst bed spreading and unification with an electrolyte layer, in 
order to make it a sheet not break by hauling, more than the 0.49N/10mm width of face of the 
tensile strength of a sheet is desirable, more than its 1.96N/10mm width of face is more 
desirable, and more than its 4.9N/10mm width of face is still more desirable. 
As for the carbon fiber of the a large number book of the porosity conductive liner sheet 
concerning this invention, it is desirable that it is the nonwoven fabric which consists of a carbon 
fiber. By using a carbon fiber nonwoven fabric, sheet reinforcement of all directions can be made 
high in a sheet surface. 

The nonwoven fabric with which the carbon fiber is making the in general random array in the 
sheet surface direction is called carbon fiber nonwoven fabric. Some carbon fibers may be 
suitable in the sheet thickness direction. It is desirable that many carbon fibers are arranged in 
the sheet surface direction, when an electrode substrate is created using a sheet, and 
preventing the short circuit which lets an electrolyte layer pass. 

As the manufacture approach of a carbon fiber nonwoven fabric, there are an approach of using 
a carbon fiber as a nonwoven fabric and the approach of carbonizing the nonwoven fabric of 
carbon fiber precursor fiber. As the approach of nonwoven-fabric-izing, there is the so-called 
carding method, the melt blowing method, the span bond method, dry process like a flash 
method, or a wet method like a paper-making method. 

In addition, since the nonwoven fabric which consists of acrylic oxidation fiber (fire resistance- 
ized fiber, carbon fiber precursor fiber) is marketed, it can calcinate this at the temperature of 
about 1 ,500 degrees C in an inert atmosphere, and can create a carbon fiber nonwoven fabric. In 
this case, the carbon fiber nonwoven fabric whose eyes are 80 g/m2 and whose thickness is 
0.3mm can be obtained by choosing a commercial acrylic oxidation fiber nonwoven fabric 
appropriately. 

Although a sheet can make sheet reinforcement high by including the textile fabrics which 
consist of a carbon fiber Since the array direction of a carbon fiber has gathered in the case of 
textile fabrics, many carbon fibers are needed compared with a nonwoven fabric, and it becomes 
cost quantity, There are that catalyst bed spreading of a back process becomes difficult with the 
clearance and irregularity between threads, a fray occurring at the sheet edge, and a problem 
from which deformation of an eye gap and a sheet tends to arise by hauling of the direction of 
slant. From this point, it can be said that it is most desirable that it is a carbon fiber nonwoven 
fabric as for the aggregate of the carbon fiber which forms a sheet. 

The electric resistance of the thickness direction of the porosity conductive liner sheet 
concerning this invention needs to be two or less 50mohm and cm, in order to make small the 
electrical-potential-difference loss by electric resistance. It is two or less 20m ohm-cm still 
more preferably two or less 30m ohm-cm more preferably. 

The test electrode which stuck copper foil with width of face of 50mm, a die length [ of 200mm ], 
and a thickness of 0.1mm on one side of the vitrified charcoal blank which has a smooth front 
face with width of face of 50mm, a die length [ of 200mm ], and a thickness of 1.5mm is prepared 
two sheets in measurement of this electric resistance. Vitrified charcoal blanks are opposed, and 
the test electrode of two sheets is piled up so that it may intersect perpendicularly in the center 
section. 

The porosity conductive liner sheet which is going to measure electric resistance is cut into a 
round shape with a diameter of 48mm, and is inserted between said vitrified charcoal blanks 
which face each other, and it pressurizes so that it may become the pressure of 0.98MPa(s) to 
the area of a porosity conductive liner sheet. 

The terminal for currents is prepared in the end of the test electrode of two sheets, and the 
terminal for electrical potential differences is prepared in the other end. The current of 1 A is 
passed between the test electrodes of two sheets using the terminal for currents. Electrical- 
potential-difference [ between the terminals for electrical potential differences ] V (V) is 
measured, and electric resistance R (momega and cm2) is computed by the degree type, pi is a 
circular constant here. The readout of an electrical potential difference is performed, after 
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putting said welding pressure, and waiting until an electrical-potential-difference value is 
stabilized. Time amount until it is stabilized is 1 thru/or about 3 minutes. 
R=Vx2.4x2.4xpix1,000 The maximum breaking radius of the porosity conductive liner sheet 
concerning this invention needs to be 25mm or less. 

When a sheet is made for there to be along the outside of the cylinder of radius R (mm) and is 
rolled a part gone half round, the greatest radius in case a crack, cracking, etc. arise on a sheet 
and destruction starts is called maximum breaking radius. If the maximum breaking radius 
exceeds 25mm, it will be difficult to wind in the shape of a roll, and a sheet will tend to break at a 
back process. The maximum breaking radius is 10mm or less preferably. 

The compressibility CR of the porosity conductive liner sheet concerning this invention (%) needs 
to be 40% or less, in order to prevent filling further the slot of the separator which is the passage 
of a fuel or air in order to prevent that a sheet is crushed and uniform spreading becomes 
impossible with a pressure at the time of catalyst bed spreading in a back process. It is 10% or 
less still more preferably 20% or less more preferably. 

Compressibility CR (%) is computed by the degree type from thickness [ when pressurizing a 
sheet surface by thickness / when pressurizing by the pressure of 0.15MPa(s) / T (mm), and the 
pressure of 0.024MPa(s) ] t (mm). 

CR(%) =[(t-T) /t] x100 As for the porosity conductive liner sheet concerning this invention, it is 
desirable that the pressure loss at the time of making air penetrate in the thickness direction in 
a second in 14cm /is 20 or less mmAqs. That pressure loss is low means that the permeability of 
air is high. By being within the limits of this, the permeability of the fluid called for as an 
electrode substrate of electrochemistry equipments, such as a fuel cell, can be fulfilled. When it 
says from such a standpoint, pressure loss is 5mmAq(s) still more preferably 10 mmAqs more 
preferably. 

It is desirable that the center line average of roughness height (Ra) of the surface roughness of 
the porosity conductive liner sheet concerning this invention is 30 micrometers or less. It is 20 
micrometers or less more preferably, and is 10 micrometers or less still more preferably. If the 
center line average of roughness height is large, while it will become difficult to apply a catalyst 
to homogeneity, the short circuit which lets an electrolyte layer pass with the irregularity 
becomes easy to take place. 

The cut-off value when asking for the center line average of roughness height is 2.5mm, and 
measurement die length is 8mm. 

The thickness of the porosity conductive liner sheet concerning this invention brings effect to 
the permeability of a fluid, and electric resistance. If thick [ if thickness is thin, the fluid 
permeability of the direction of a field is not enough, and ], it will become the cause of electric 
resistance increase. These have opposite directivity. Therefore, in order to make both properties 
be satisfied with coincidence, it is desirable that 0.13 thru/or the range of the thickness at the 
time of the pressurization in the planar pressure of 0.15MPa are 0.7mm, and they are 0.2 thru/or 
0.5mm more preferably. 

The thickness in that case is 30 in 0.15MPa thru/or 100%, and if the thickness in 0.15MPa is in 
the above-mentioned range, it can make the permeability of a good fluid, and electric resistance 
provide, although it is pressurized by the pressure of about 0.3 thru/or 3MPa(s) when a sheet is 
used for the electrode of a fuel cell. 

The consistency of the porosity conductive liner sheet concerning this invention brings effect to 
the permeability of a fluid, and electric resistance. If a consistency is high, the permeability of a 
fluid will become low, and electric resistance will become high if low. These have opposite 
directivity. Therefore, in order to make both properties be satisfied with coincidence, it is 
desirable that the consistency at the time of the pressurization in the planar pressure of 
0.15MPa is the range of 0.05 thru/or 0.6 g/cm3. It is 0.15 thru/or 0.5 g/cm3 more preferably, and 
they are 0.25 thru/or 0.4 g/cm3 still more preferably. 

The consistency in that case is 100 - 300% in 0.15MPa, and if the consistency in 0.15MPa is in 
the above-mentioned range, it can make the permeability of a good fluid, and electric resistance 
provide, although it is pressurized by the pressure of about 0.3 thru/or 3MPa(s) when a sheet is 
used for the electrode of a fuel cell. 
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It is" desirable that thermosetting resin is contained in the organic substance contained in the 
porosity conductive liner sheet concerning this invention. Porosity conductive liner sheets are 
the purposes, such as a water-repellent finish, and may be heat-treated at 300 thru/or the 
temperature of 450 degrees C. By thermosetting resin being included, the mechanical strength of 
a sheet and gestalt holdout can be maintained after heat treatment. 

Heat-curing resin has phenol resin, an epoxy resin, and desirable polyimide, when this heat 
treatment is taken into consideration. 

In order to raise the chemical resistance of resin, it is desirable to heat-treat the porosity 
conductive liner sheet containing thermosetting resin at the temperature of 300 degrees C or 
more, more — desirable — the temperature of 400 degrees C or more — it is 450 degrees C or 
more in temperature still more preferably. If heat treatment temperature is high, since 
carbonization of resin will progress and a sheet will become weak, the temperature of 700 
degrees C or less is desirable still more desirable, and heat treatment temperature is 550- 
degree-C or less temperature. The heat-resistant low organic substance, such as PVA, PVAc, 
and a cellulose, is removable with this heat treatment. In order to prevent the oxidative 
degradation of resin, it is desirable to perform this heat treatment under an inert atmosphere. 
It is desirable to pressurize a sheet before heat treatment in order to lower the compressibility 
of a sheet, and it is still more desirable to heat to pressurization and coincidence and to stiffen 
some or all of thermosetting resin. 

It is desirable that a porosity conductive liner sheet contains carbon particles, such as carbon 
black, and a graphite, expanded graphite, because of electric resistance reduction of a sheet as 
mentioned above. A carbon particle can be added [ adding to the sheet creation time which 
consists of a carbon fiber, or ] to a sheet after sheet creation. 

As for especially carbon black, it is desirable to mix with resin, such as above-mentioned 
thermosetting resin, the above-mentioned below-mentioned water-repellent macromolecule, etc., 
and to make it contain in a sheet in order to raise adhesion with the sheet. 
The porosity conductive liner sheet concerning this invention can contain water-repellent 
polymeric materials. As a water-repellent macromolecule, there are a macromolecule containing 
a fluorine and a macromolecule containing silicon. A polytetrafluoroethylene (PTFE) and 
tetrafluoroethylene-hexafluoropropylene copolymer (FEP), a tetrafluoroethylene-perfluoroalkyl 
vinyl ether copolymer (PFA) f fluorine content rubber, etc. are used preferably. Among this, since 
water repellence and the water repellence by which chemical resistance was stabilized highly for 
a long period of time are acquired, PTFE, FEP, and PFA are more desirable. 
Since sufficient water repellence will not be acquired if few [ if there are many water-repellent 
polymeric materials, the electric resistance of a sheet will increase, and ], the amount of the 
water-repellent polymeric materials contained in a porosity conductive liner sheet has 3 thru/or 
35 desirable % of the weight, and 8 thru/or its 25 % of the weight are still more desirable. The 
contact angle of water can estimate water repellence. 1 10 degrees or more of a contact angle 
are desirable. 

In sheet down stream processing after sheet forming (back process), in order to prevent a 
carbon fiber penetrating an electrolyte layer and causing a short circuit further, in order to 
prevent the catalyst bed penetration when applying a catalyst bed to a porosity conductive liner 
sheet, a carbon fiber and the surface smoothing layer containing a carbon particle may be 
prepared in the front face of a porosity conductive liner sheet. 

Since the metal (except for noble metals, such as platinum, gold, a ruthenium, and a rhodium) 
contained in a porosity conductive liner sheet is ionized, goes into the polyelectrolyte film and 
reduces membranous conductivity, little direction is good. As for the amount of the sodium which 
is the typical metal contained in a porosity conductive liner sheet, calcium, and aluminum, it is 
desirable that they are 3 element ******** and 500 ppm or less, and it is still more desirable 
that it is 100 ppm or less. 

Since the sulfur and the halogen which are contained in a porosity conductive liner sheet reduce 
catalytic activity, little direction is good. The amount of the chlorine which is the typical halogen 
contained in a porosity conductive liner sheet, and sulfur doubles these, it is desirable that it is 
200 ppm or less, and it is still more desirable that it is 100 ppm or less. 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgLeije 



2005/11/14 



JP,01/022509,A1 [DETAILED DESCRIPTION] 



6/15 *Z — V 



The approach of lessening a metal, a halogen, and a sulfur element has the approach of reducing 
the amount contained in a raw material, a method of reducing the amount mixed in the middle of 
a process, the approach of washing and removing a porosity conductive liner sheet with warm 
water etc., etc. 

The porosity conductive liner sheet concerning this invention mentioned above can be suitably 
used as an electrode substrate for fuel cells. 

Here, an electrode substrate means what achieves supply of the matter, the function and 
current collection function of discharge, and the function of gestalt maintenance of an electrode, 
or maintenance on the strength to participate in electrode reaction, in semantics with the 
ingredient which constitutes some electrodes. 

A catalyst bed is prepared on the porosity conductive liner sheet concerning this invention, and 
it can consider as an electrode, or an electrolyte layer, especially the polyelectrolyte film can be 
prepared further, and it can consider as an electrochemistry unit. These electrodes and 
electrochemistry units are used for a fuel cell, a cell, and the electrolyzer. 

An electrode substrate and a catalyst bed are arranged in the shape of a layer, or an electrode 
substrate, a catalyst bed, and the polyelectrolyte film are arranged, a unit is constituted, a fuel 
cell is constituted by the layered product containing the plurality of that unit, and mobiles, such 
as an automobile, a vessel, and a submarine, drive with this fuel cell. 

At this time, as an electrode substrate, the porosity conductive liner sheet is built into the 
electrode or the electrochemistry unit, and electrode reaction matter, such as hydrogen, oxygen, 
and water, is made to penetrate, or it achieves the duty which passes a current. A catalyst bed 
consists of mixture of the catalyst powder and polyelectrolyte which supported noble-metals 
particles, such as platinum, to carbon black, or a fluororesin, and is applied on an electrode 
substrate or the polyelectrolyte film. Although many things of proton conductivity are used and 
the polyelectrolyte film has the thing of a fluororesin system or a hydrocarbon system, many 
things of a fluororesin system with high chemical resistance are used especially. 
The manufacture approach of the porosity conductive liner sheet concerning this invention is 
explained. A wet paper-making method is explained to an example. 

(a) Sheet forming cycle (paper-milling process) 

The carbon staple fiber which the diameter of fiber cut into about 5 thru/or die length of 13mm 
the carbon fiber which are about 3 thru/or 20 micrometers, made it distribute underwater, and 
distributed is milled on a wire gauze, and the sheet which consists of a carbon staple fiber is 
fabricated. 

(b) Organic substance adhesion process The organic substance used as binders, such as PVA 
and acrylic resin, is made to adhere to the obtained sheet. 

(c) Desiccation process The organic substance adhered, sheet desiccation is carried out and a 
porosity conductive liner sheet is obtained. 

In case a carbon fiber is distributed underwater, the binder which consists of the organic 
substance is mixed, a carbon fiber and a binder are milled on a wire gauze, at the temperature of 
100 degrees C or more, it can be made to be able to dry for about 10 minutes, and a porosity 
conductive liner sheet can also be obtained. 

(d) Pressurization process It presses, in order to reduce the compressibility of a sheet. The 
press approach presses a sheet by the planar pressure of the range of 0.49 thru/or 9.8MPa(s). 
As for this planar pressure, it is desirable that it is the range of 0.98 thru/or 4.9MPa(s). If the 
effectiveness of reducing the compressibility of a porosity conductive liner sheet if a press 
pressure is low is not enough and a press pressure is high, a porosity conductive liner sheet will 
be destroyed. 

The pressurization by the roll press is also used preferably. The path clearance at the time of 
performing a roll press is 300 micrometers or less. As for this path clearance, it is desirable that 
they are 100 thru/or the range of 250 micrometers. If a porosity conductive liner sheet may be 
destroyed if path clearance is too small, and path clearance is too large, the effectiveness of 
reducing the compressibility of a porosity conductive liner sheet is not enough. Since a porosity 
conductive liner sheet cannot break easily, the direction of a roll press made into path clearance 
predetermined by multiple times while making path clearance small is more desirable rather than 
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making it path clearance predetermined by 1 time. 

A sinking-in process can be established if needed before the heat treatment process stated to 
before this pressurization process, the back, or the back. 

(e) sinking-in process the obtained porosity conductive liner sheet — fluororesins, such as PFA, 
FEP, and PTFE, — about 5 — or it is made to adhere 40% of the weight, it heat-treats at 300 
thru/or the temperature of 400 degrees C, and a water-repellent porosity conductive liner sheet 
is obtained. 

When the case where thermosetting resin is included is made into an example by the wet paper- 
making method, the manufacture approach of the porosity conductive liner sheet in that case is 
as follows. 

(a) Sheet forming cycle (paper-milling process) 

The carbon staple fiber which the diameter of fiber cut into about 5 thru/or die length of 13mm 
the carbon fiber which are about 3 thru/or 20 micrometers, made distribute underwater, and 
distributed is milled on a wire gauze, and the sheet which consists of a carbon staple fiber is 
fabricated. 

(b) Organic substance adhesion process The organic substance used as binders, such as PVA 
and acrylic resin, is made to adhere to the obtained sheet. 

(c) Desiccation process The organic substance adhered, sheet desiccation is carried out and a 
porosity conductive liner sheet is obtained. 

In case a carbon fiber is distributed underwater, the binder which consists of the organic 
substance is mixed, a carbon fiber and a binder are milled on a wire gauze, at the temperature of 
100 degrees C or more, it can be made to be able to dry for about 10 minutes, and a porosity 
conductive liner sheet can also be obtained. 

(d) Sinking-in process A solvent is removed after infiltrating thermosetting resin solutions, such 
as phenol resin, an epoxy resin, and polyimide, into the obtained porosity conductive liner sheet, 
under the present circumstances, resin — about 2.5 — or it is made to adhere 40% of the weight 

(e) Pressurization process The porosity conductive liner sheet which sank in thermosetting resin 
is pressed. With this press, the compressibility of a porosity conductive liner sheet and surface 
roughness can be made small. When performing the press by planar pressure, planar pressure is 
taken as the range of 0.49 thru/or 9.8MPa(s). As for this planar pressure, it is desirable that they 
are 0.98 thru/or 4.9MPa(s). If the effectiveness of reducing the compressibility of a porosity 
conductive liner sheet if a press pressure is low is not enough and a press pressure is high, a 
porosity conductive liner sheet will be destroyed. 

The pressurization by the roll press is also used preferably. The path clearance at the time of 
performing a roll press is 300 micrometers or less. This path clearance has 100 thru/or the 
desirable range of 250 micrometers. If a porosity conductive liner sheet may be destroyed if path 
clearance is too small, and path clearance is too large, the effectiveness of reducing porosity 
conductive liner sheet compressibility is not enough. 

It is desirable to heat to a press and coincidence and to stiffen some or all of heat-curing resin. 
By stiffening some or all of thermosetting resin, deformation of the porosity conductive liner 
sheet in a back process, i.e., the increment in thickness, can be controlled. 

(f) Heat treatment process In order to harden thermosetting resin completely, and in order to 
raise the chemical resistance of thermosetting resin, the porosity conductive liner sheet 
obtained at the pressurization process is heat-treated. 

300 degrees C or more of heat treatment temperature are desirable. It is also desirable to sink in 
charges of a repellent, such as a fluororesin, and to serve with heat treatment of the charge of a 
repellent in advance of this heat treatment, because of process reduction. 

In electrochemistry equipments, such as a fuel cell and electrolyzer, the laminating of many units 
containing a porosity conductive liner sheet is carried out. In order to reduce the electric 
resistance of this layered product, it is desirable to make the pressure concerning a layered 
product high temporarily, this pressure — 1.2 of working pressure thru/or 20 times — desirable 
— more — desirable — 1.5 — or they are 2 thru/or 5 times still more preferably 10 times. If a 
pressure is made high too much, the low pressure which destruction of a layered product 
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component takes place and is not different from working pressure is not enough as the electric 
resistance reduction effectiveness. The time amount which makes a pressure high is enough in 
about 1 second thru/or about 10 minutes. 

If working pressure is made high, deformation with time and destruction of an electrolyte layer or 
a catalyst bed will tend to take place, consequently problems, such as an electric short circuit 
and a diffusibility fall of a fluid, will occur. Since temperature and humidity are high, deformation 
and destruction tend [ much more ] to take place to civil time. On the other hand, making a 
pressure high temporarily does not lead to deformation with time or destruction, but it can attain 
the purpose which reduces electric resistance. 

Example 1 The diameter of fiber cut into die length of 1 2mm distributed underwater the staple 
fiber of the PAN system carbon fiber which is 7 micrometers, and milled paper to the screen 
oversize. Infiltrated the emulsion which becomes the sheet which consists of a carbon staple 
fiber milled and obtained from the mixture (mixing ratio 1:3) of PVA and PVAc, subsequently it 
was made to dry, and the porosity conductive liner sheet was obtained. 
Next, after infiltrating the solution which made underwater [ in which PVA was dissolved ] 
distribute KETCHIEN black powder (EC600JD, LION, Inc. make) into the porosity conductive liner 
sheet which was able to be obtained, desiccation removed water and the porosity conductive 
liner sheet was obtained. The eyes of the obtained porosity conductive liner sheet was [ the 
content of PVA and PVAc of the content of 42g/m2, and KETCHIEN black ] 23% 22%. 
Example 1 of a comparison Let the porosity conductive liner sheet before infiltrating KETCHIEN 
black powder be the example 1 of a comparison in an example 1. The content of the mixture of 
30 g/m2, PVA, and PVAc of the eyes of a porosity conductive liner sheet was 22%. 
Example 2 of a comparison The porosity conductive liner sheet was obtained like the example 1 
of a comparison except having made the eyes of a porosity conductive liner sheet into 15 g/m2. 
Example 3 of a comparison: It mixed to 2:3 by the weight ratio, and the staple fiber and expanded 
graphite powder (bulk density 0.14 g/cm3, mean particle diameter of about 150 micrometers) of a 
PAN system carbon fiber which were cut into die length of 12mm were made to distribute 
underwater. The sheet with which expanded graphite powder adhered to the staple fiber of a 
carbon fiber was milled on the wire gauze using these dispersion liquid. Infiltrated the emulsion 
which becomes the sheet which consists of a carbon staple fiber which milled paper from the 
mixture (mixing ratio 1:3) of PVA and PVAc, it was made to dry, and the porosity conductive liner 
sheet was obtained. The content of the mixture of 56 g/m2, PVA, and PVAc of the eyes of a 
porosity conductive liner sheet was 10%. 

Example 2 The porosity conductive liner sheet of the example 3 of a comparison was pressurized 
by the planar pressure of 2.9MPa(s) in the thickness direction, the pressure was canceled, and 
the porosity conductive liner sheet was obtained. 

Example 3 Having inserted into it with two graphite plates, and pressurizing it by the planar 
pressure of 35 g/cm2, after infiltrating PFA dispersion (AD-2CR, Daikin Industries, LTD. make) 
into the porosity conductive liner sheet of the example 3 of a comparison and drying to it, it 
heat-treated at the temperature of 350 degrees C for 1 hour, and the porosity conductive liner 
sheet was obtained. The eyes of a porosity conductive liner sheet were 55 g/m2, and PFA 
content was 1 1%. 

Example 4 The porosity nature electric conduction sheet was obtained like the example 3 before 
sinking [ of PFA dispersion ] in in the example 3 except having performed the roll press of a 
porosity conductive liner sheet. The roll press performed setup 9 and path clearance to linear 
pressure 390 N/cm the two sum totals [ five ] by 1 time each and path clearance 200micrometer 
by 350 micrometers, 300 micrometers, and 250 micrometers. The eyes of a porosity conductive 
liner sheet were 63 g/m2, and PFA content was 1 2%. 

Example 5 The porosity conductive liner sheet was obtained like the example 3 except having 
carried out, after infiltrating PFA dispersion and drying the roll press before sinking [ of PFA 
dispersion ] in in the example 4. The eyes of a porosity conductive liner sheet were 61 g/m2, and 
PFA content was 12%. 

Example 6 To the porosity conductive liner sheet of the example 3 of a comparison, the 
methanol solution of resol mold phenol resin was sunk in and dried. The coating weight of phenol 
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resin is calculated and it was made to turn into 11% of the porosity conductive liner sheet weight 
which sinks in from solution concentration. The sheet after desiccation was pressed by the 
planar pressure of 0.98MPa at the temperature of 145 degrees C for 30 minutes. Furthermore, 
the sheet after a press was heat-treated at the temperature of 400 degrees C among air for 1 
hour, and the porosity conductive liner sheet was obtained. 

Example 7 To the porosity conductive liner sheet of the example 3 of a comparison, the 
methanol of an epoxy resin and the acetone mixed solvent solution were sunk in and dried. The 
coating weight of an epoxy resin is calculated and it was made to become 25% of the porosity 
conductive liner sheet which sinks in from solution concentration. The bisphenol A mold liquefied 
epoxy resin (Epicoat 828, product made from oiHzed Shell Epoxy), novolak mold phenol resin 
(PSM4326, Gunei Chemical Industry Co., Ltd. make), and an imidazole (an epicure EMI 24, 
product made from oiHzed Shell Epoxy) are mixed and dissolved in the methanol of an epoxy 
resin, and the acetone mixed solvent solution by the weight ratio of 186:105:1. The sheet after 
desiccation was pressed by the planar pressure of 0.98MPa at the temperature of 1 70 degrees C 
for 30 minutes. Furthermore, the sheet after a press was heat-treated at the temperature of 400 
degrees C among air for 1 hour, and the porosity conductive liner sheet was obtained. 
Example 4 of a comparison The porosity conductive liner sheet of the example 3 of a comparison 
was heat-treated at the temperature of 400 degrees C among air for 30 minutes, and the 
porosity conductive liner sheet was obtained. Eyes were 51 g/m2. 

Example 5 of a comparison Underwater [ in which PVA was dissolved ] was made to distribute 
acetylene black powder (DIN a turnip rack powder, DENKI KAGAKU KOGYO K.K. make), the 
post-desiccation into which the porosity conductive liner sheet of the example 1 of a 
comparison was infiltrated removed water, and the porosity conductive liner sheet was obtained. 
The eyes of a porosity conductive liner sheet was [ the content of PVA and PVAc of the 
content of 55g/m2, and acetylene black ] 17% 41%. 

Example 6 of a comparison The porosity conductive liner sheet was obtained like the example 5 
of a comparison. The eyes of a porosity conductive liner sheet was [ the content of PVA and 
PVAc of the content of 62g/m2, and acetylene black ] 1 6% 47%. 

Example 7 of a comparison The sheet which cooled the liquid which made underwater [ in which 
PVA was dissolved ] distribute acetylene black powder after heating the porosity conductive 
liner sheet of the example 1 of a comparison at the temperature of 800 degrees C among 
nitrogen-gas-atmosphere mind was infiltrated. After desiccation removed water after that, by 
linear pressure 490 N/cm and path clearance 0, the roll press was carried out and the porosity 
conductive liner sheet was obtained. The eyes of a porosity conductive liner sheet was [ the 
content of PVA of the content of 56 g/m2 and acetylene black ] 6% 53%. 
Example 8 of a comparison KETCHIEN black powder was used instead of acetylene black 
powder, and also the porosity conductive liner sheet was obtained like the example 6 of a 
comparison. The eyes of a porosity conductive liner sheet was [ the content of PVA of the 
content of 44 g/m2 and KETCHIEN black ] 12% 37%. 

Example 9 of a comparison The porosity conductive liner sheet was obtained like the example 4 
in the example 4 except having made path clearance to 0 and having made the linear pressure 
into 390 N/cm for the roll press at the temperature of 150 degrees C. The content of 58 g/m2 
and PFA of the eyes of a porosity conductive liner sheet was 8%. 

Example 10 of a comparison The mixed methanol solution of novolak mold phenol resin and resol 
mold phenol resin was dried to the porosity conductive liner sheet of the example 1 of a 
comparison after sinking in, and the phenol resin 55 weight section was made to adhere to it to 
the porosity conductive liner sheet 45 weight section. Press forming of this phenol resin content 
sheet was carried out by the two-sheet pile, the temperature of 145 degrees C, and the planar 
pressure of 0.4MPa, and phenol resin was stiffened. Next, heated the plate which stiffened this 
phenol resin at the temperature of 2,200 degrees C in the inert atmosphere, phenol resin was 
made to carbonize, and the porosity conductive liner sheet was obtained. 

Example 1 1 of a comparison Let commercial carbon fiber textiles (E-TEK, product made from 
Inc.) be the porosity conductive liner sheet of the example 10 of a comparison. These textiles 
are indicated to be "A"cloth in a catalog, it is plain weave, and eyes are made into 1 16 g/m2 and 
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thickness is set to 0.35mm. 

The physical properties of the porosity conductive liner sheet obtained in the above example 1 
thru/or 7 and the example 1 of a comparison thru/or 1 1 are shown in Table 1. 
The electrode for fuel cells was created using the porosity conductive liner sheet of the example 
1 of a comparison, and the example 2 of a comparison, hydrogen was supplied to the fuel 
electrode, air was supplied to the air pole, and the electrode characteristic was measured. The 
result is shown in Table 2. 

An electrical potential difference is low, although the example 2 of a comparison has low electric 
resistance, since the electrode substrate which consists of a porosity conductive liner sheet is 
thin, the permeability of the fluid of the direction of an electrode substrate side is low, and it is 
presumed that supply of the crest part which forms the gas passageway of a separator, and the 
hydrogen to the catalyst bed which counters or oxygen was not performed enough. 
The electric resistance value of the porosity conductive liner sheet of an example 3, the example 
9 of a comparison, and the example 5 of a comparison made the trial calculation of the effect 
which it has on generating efficiency. The result is shown in Table 3. Here, the rate of sag is 
equivalent to a generating efficiency decreasing rate. 

Thus, the electric resistance of a porosity conductive liner sheet affects decline in generating 
efficiency directly. Especially the decline in the generating efficiency exceeding 10% is a problem. 

The next trial was performed using the porosity conductive liner sheet of an example 6, the 
example 10 of a comparison, and the example 1 1 of a comparison. Between two 1cmx1cm 
porosity conductive liner sheets, Nafion112 (E. Ldu Pont de Nemours & Co., product made from 
Inc) which is the polyelectrolyte film was inserted, after pressurizing by the temperature of 1 10 
degrees C, and the planar pressure of 2.4MPa for 10 minutes, the pressure was canceled, it 
cooled and resistance between the porosity conductive liner sheets of two sheets which 
sandwiched the polyelectrolyte film was measured with the circuit tester. The result is shown in 
Table 4. 

Although the resistance measured with a circuit tester should originally serve as infinity for 
Nafion112 which does not have electronic conductivity, since the porosity conductive liner sheet 
of the example 1 1 of a comparison has large surface roughness, the short circuit which 
penetrated the polyelectrolyte film takes place, and electric resistance is small. On the other 
hand, in the porosity conductive liner sheet of an example 6 and the example 10 of a comparison, 
it turns out that the short circuit has not taken place. 

The example 1 thru/or the porosity conductive liner sheet of 7 have balanced the differential 
pressure at the time of air transparency, thickness, a consistency, electric resistance, surface 
roughness, and tensile strength. That is, as an electrode substrate, the permeability of the fluid 
of the thickness direction and the direction of a field and the balance of electric resistance are 
maintained, and a good cell property can be demonstrated. Since compressibility is also low as 
for these, uniform spreading of a catalyst bed is easy for them, and they cannot bury a part for 
the slot of the separator used as the passage of a fuel and air easily. Furthermore, the maximum 
breaking radius is able to wind up in the shape of a roll small. 

The comparison with the comparison with the example 3 of a comparison and an example 2, the 
example 3 of a comparison and the example 9 of a comparison, an example 3, an example 4, an 
example 5, and the example 9 of a comparison shows that the effectiveness that compressibility 
decreases is acquired by pressurizing a porosity conductive liner sheet. 

The example 12 of a comparison, example 8 Planar pressure measured the electric resistance of 
the thickness direction of the porosity conductive liner sheet of an example 5 in the state of 
0.98MPa(s). Let this be the example 12 of a comparison. After pressurizing by planar pressure 
2.9MPa for 2 minutes using the porosity conductive liner sheet and the same measuring device 
of an example 5, the pressure was lowered to 0.98MPa(s) and resistance was measured. This is 
made into an example 8. 

The example 13 of a comparison, the example 14 of a comparison, an example 9, example 10 The 
porosity conductive liner sheet of an example 6 and the example 10 of a comparison was used, 
and also the example 13 of a comparison, the example 14 of a comparison, the example 9, and 
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the example 10 as well as the example 12 of a comparison and an example 8 were acquired. 
The example 15 of a comparison, the example 16 of a comparison, example 11 The porosity 
conductive liner sheet of the example 9 of a comparison was used, and also the example 15 of a 
comparison and the example 1 1 as well as the example 12 of a comparison and an example 8 
were acquired. Using the porosity conductive liner sheet and the same measuring device of the 
example 9 of a comparison, it pressurized by planar pressure 0.98MPa, and the resistance of 2 
hours after was measured. Let this be the example 16 of a comparison. 

The physical properties of the porosity conductive liner sheet obtained in the above example 8 
thru/or 1 1 and the example 12 of a comparison thru/or 16 are shown in Table 5. 
Electric resistance has been reduced 1 5 to 30% by making high temporarily the pressure 
concerning the layered product for resistance measurement containing a porosity electric 
conduction sheet and a carbon plate. This reduction effectiveness is much larger than the with- 
time resistance reduction effectiveness of the example 16 of a comparison. 
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Availability on industry According to this invention, since the electric resistance of the thickness 
direction, the maximum breaking radius, and compressibility are in the specific range, a porosity 
conductive liner sheet with little [ electric resistance is low, the permeability of a fluid is high, 
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and rolHzing of a sheet is possible, and ] thickness change by pressurization is offered. This 
porosity conductive liner sheet has little sag by electric resistance and the permeability of a 
fluid, and since considering as an electrode by processing is easy, it is preferably used for 
manufacture of an electrode substrate. 

After according to this invention milling the carbon fiber made to distribute in a liquid reticulated, 
making the organic substance used as a binder adhere and making it dry, pressurizing the 
obtained sheet by the planar pressure of the range of 0.49 thru/or 9.8MPa(s), and/or by carrying 
out the roll press of the obtained sheet by path clearance 300 micrometers or less, the porosity 
conductive liner sheet which has the above-mentioned property is stabilized, and it can 
manufacture by low cost. 



[Translation done.] 
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